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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a composite material reinforced 
by fibers composed of carbon and/or graphite and having low thermal 
expansion coefficient in facial direction and to provide a method for 
producing it. 

SOLUTION: This composite material composed of carbon and/or 
graphite- series fibers and a matrix of copper or a copper alloy is the 
one composed of carbon and/or graphite-series fibers and a matrix of 
copper or a copper alloy, and, as for the carbon and/or graphite-series 
fibers, the length thereof exceeds 40 /*m, the aspect ratio and volume 
ratio lie in the range surrounded by the points A (4, 75), B (10, 75), C 
(30, 55), D (30, 25), E (20, 25) and F (4, 45) shown by the fig. 1 , and, 
furthermore, they are oriented in the direction of the two-dimensional 
face at random. It has a low thermal expansion coefficient in the facial 
direction and is suitable as the material for a substrate for a 
semiconductor device. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is constituted by the matrix which serves as carbon and/or fiber of graphite from copper or a copper 
alloy. Said carbon and/or the fiber of graphite A which the die length exceeds 40 micrometers and an aspect 
ratio and the rate of the volume show to drawin g 1 (4 75), B (10 75), C (30 55), D (30 25), E (20 25), Composite 
material which consists of a matrix of the carbon which is within the limits surrounded by the point of F (4 45), 
and is characterized by making orientation carry out in the direction of a two-dimensional side at random and/or 
the fiber of graphite and copper, or a copper alloy. 

[Claim 2] Composite material with which composite material consists of a matrix of the carbon according to 
claim 1 characterized by being used as a substrate for semiconductor devices and/or the fiber of graphite and 
copper, or a copper alloy. 

[Claim 3] The manufacture approach of the composite material which loads the metal capsule of a bellows-like 
side attachment wall with the compression molding of the mixture which consists of powder of the fiber which 
consists of carbon and/or graphite, and a matrix, seals after degassing, and consists of a matrix of the carbon 
according to claim 1 or 2 characterize by make 1 shaft orientations contract the metal capsule which sealed said 
compression molding and/or the fiber of graphite and copper, or a copper alloy by hydrostatic-pressure 
pressurization between heat. 

[Claim 4] The manufacture approach of composite material that the thickness for a covering device of a metal 
capsule consists of a matrix of the carbon according to claim 3 characterized by being more than twice with the 
thick side-attachment-wall section of a bellows-like metal capsule and/or the fiber of graphite and copper, or a 
copper alloy. 

[Claim 5] The manufacture approach of the composite material which consists of a matrix of the carbon 
according to claim 3 characterized by loading the metal capsule of a bellows-like side attachment wall with 
compression molding, putting in a spacer, and sealing after degassing and/or the fiber of graphite and copper, or 
a copper alloy. 

[Claim 6] The manufacture approach of the composite material which consists of a matrix of the carbon 
according to claim 3 to 5 with which compression molding of the mixture which consists of powder of the fiber 
which consists of carbon and/or graphite, and a matrix is characterized by being wrapped in copper sheet metal 
or a copper foil and/or the fiber of graphite and copper, or a copper alloy. 



[Translation done.] 

* NOTICES * _ - - - - - 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely, 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of composite-material ****** which 
starts the manufacture approach of composite-material ****** which consists of a matrix of carbon and/or the 
fiber of graphite and copper, or a copper alloy, especially consists of a matrix of carbon suitable as an ingredient 
of the substrate for semiconductor devices and/or the fiber of graphite and copper, or a copper alloy in the 
direction of a field with a low-fever expansion coefficient. 
[0002] 

[Description of the Prior Art] The reinforcement and the metal which consist of a ceramic etc. are compound- 
ized, various ingredients which have both advantages are developed, and it is put in practical use widely. As one 
of them, the composite of carbon or graphite fiber, and copper is mentioned. This composite material is used for 
the collecting brush which harnessed the lubricity which carbon has, and the high electrical conductivity which 
copper has, the substrate for semiconductor devices of low-fever expansion high temperature conductivity 
which harnessed the property of the low-fever expansion which carbon or graphite fiber has, and the high 
temperature conductivity which copper has. 

[0003] In case such a composite material is used as a substrate for semiconductor devices, the thing of a 
substrate which has arranged the carbon fiber artificially so that it is necessary to make low the coefficient of 
thermal expansion of the direction of a field at least, therefore thermal expansion may become low in the 
direction of a field is known (the conventional example 1, JP,59-1 6406, B, JP,58-16615,B). 
[0004] Moreover, the aspect ratio of a carbon fiber mixes 200 or more comparatively long fiber, and solidifies, 
and what carried out orientation isotropic is known (the conventional example 2, JP,61-30013,B). Moreover, the 
radiator material for semiconductor devices obtained by mixing the short carbon fiber of 40 micrometers or less 
with the copper which is a matrix, or the powder of aluminum, and carrying out pressure sintering is proposed 
(the conventional example 3, JP,9-64254,A). Moreover, the thing which made the orientation of the carbon fiber 
carry out in the two-dimensional direction to the host phase of aluminum or aluminum alloy disorderly is 
proposed (the conventional example 4, JP,4~147654,A). 

[0005] Moreover, as a process of composite material, powder-metallurgy processing is more common than 
before, hot pressing and the HIP method are often used for manufacture of composite material, such as metal 
powder and carbon, and the HIP method can especially be called approach excellent in mass-production nature. 
When manufacturing composite material by the HIP method, manufacture of composite material is made by 
sealing, after putting the compression-molding object of mixture into a metal capsule and deaerating it, and 
carrying out elevated-temperature high-pressure processing. When big deformation is performed by manufacture 
of the composite material by this HIP method, the idiosoma of a metal capsule and the core of a lid deform 
preferentially, and uneven deformation arises on the compression-molding object of a metal capsule. In shaping 
of the mixture of aluminum powder and reinforcement powder, using the side-attachment-wall section of a 
capsule as a bellows object is known about preventing uneven deformation of the capsule at the time of such 
HIP processing (the conventional example 5, the patent No. 2535401 official report). 
[0006] 

[Problem(s) to be Solved by the Invention] However, for arranging continuous glass fiber artificially in the above- 
mentioned conventional example 1, the problem that risk of local very big internal stress occurring if the hot 
heat history by Ag soldering etc. is added in what has arranged this continuous glass fiber, manufacture being 
unable to take time and effort, and a matrix being unable to bear [ are hard to be good as economical, and ] that 
internal stress, but breakage or deformation arising [ an ingredient ] is large is ********. 

[0007] In the above-mentioned conventional example 2, fiber length is using 200 or more and comparatively long 
fiber by the aspect ratio. If hot pressing is used, the orientation of the fiber cannot be made to fully carry out in 
the direction of a field. And since it becomes that it is easy to be solidified, with fiber bent, very big internal 
stress will be accumulated into an ingredient, and it cannot be said that it is about dependability with it. [ the 
large risk of breakage of the ingredient by the heat history, and deformation, and ] [ sufficient like the above- 
mentioned conventional example 1 ] 

[0008] Moreover, in the above-mentioned conventional example 3, although the short fiber of 40 micrometers or 
less is used, very a lot of carbon fiber is needed for the coefficient-of-thermal-expansion fall effectiveness of 
each fiber becoming remarkably low, and obtaining a desired coefficient of thermal expansion, it is necessary to 
use the high high-class fiber of a degree of graphitization for obtaining high thermal conductivity in this case, 
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and, now, there is a problem of being high cost. Moreover, in the above-mentioned conventional example 4, 
although the orientation of the carbon fiber is made to carry out in the two-dimensional direction to the host 
phase of aluminum disorderly, when it applies to semiconductor devices, it cannot be said to be a thing with 
sufficient dependability. 

[0009] moreover , although carry out the bellows object of the capsule side attachment wall section of HIP 
processing be show by the above-mentioned conventional example 5 , this be a thing about shaping of the 
mixture of aluminum powder and reinforcement powder , and it be indicate about operation of arrange the 
orientation of the carbon in the matrix which consist of copper or a copper alloy , and/or graphite fiber at the 
same time it prevent the heterogeneous deformation of a capsule . 

[0010] This invention is strengthened by the fiber which consists of carbon and/or graphite, has a low-fever 
expansion coefficient in the direction of a field, and offers the manufacture approach of composite-material 
****** which consists of a matrix of carbon suitable as an ingredient of the substrate for semiconductor 
devices and/or the fiber of graphite and copper, or a copper alloy especially. 
[0011] 

[Means for Solving the Problem] This invention is constituted by the matrix which serves as carbon and/or fiber 
of graphite from copper or a copper alloy. Said carbon and/or the fiber of graphite A which the die length 
exceeds 40 micrometers and an aspect ratio and the rate of the volume show to drawing 1 (4 75), B (10 75), C 
(30 55), D (30 25), E (20 25), It is within the limits surrounded by the point of F (4 45), and is the composite 
material which consists of a matrix of the carbon characterized by making orientation carry out in the direction 
of a two-dimensional side at random and/or the fiber of graphite and copper, or a copper alloy. 
[0012] It is characterized by the composite material which consists of a matrix of the carbon of this invention 
and/or the fiber of graphite and copper, or a copper alloy being within the limits by which the aspect ratio and 
the rate of the volume were preferably surrounded by the point of H (5 70), I (15 60), J (20 60), K (20 40), L (10 
40), and M (5 50) of drawing 2 . In addition, in this invention, the rate of the volume is (volume of carbon and/or 
fiber of graphite)/(copper of the volume + matrix of carbon and/or the fiber of graphite, or volume of a copper 
alloy). 

[0013] Moreover, composite material which consists of a matrix of the carbon of this invention and/or the fiber 
of graphite and copper, or a copper alloy is characterized by a matrix being copper or the copper alloy which 
contains one sort of Mo, W, Cr, Ag, and a ceramic particle, or two sorts or more further. Moreover, composite 
material which consists of a matrix of the carbon of this invention and/or the fiber of graphite and copper, or a 
copper alloy is characterized by being used as a substrate for semiconductor devices. 

[0014] Moreover, this invention is the manufacture approach of the composite material which loads the metal 
capsule of a bellows-like side attachment wall with the compression molding of the mixture which consists of 
powder of the fiber which consists of carbon and/or graphite, and a matrix, seals after degassing, and consists of 
a matrix of the carbon characterize by to make 1 shaft orientations contract the metal capsule which sealed said 
compression molding and/or the fiber of graphite and copper, or a copper alloy by hydrostatic pressure 
pressurization between heat. 

[0015] Moreover, the carbon of this invention, and/or the fiber and copper of graphite are also characterized by 
the thickness for a covering device of a metal capsule of the manufacture approach of composite material that 
** consists of a matrix of a copper alloy being twice [ thick / more than ] the side-attachment-wall section of a 
bellows-like metal capsule. Moreover, the carbon of this invention, and/or the fiber and copper of graphite are 
also characterized by for the manufacture approach of composite material that ** consists of a matrix of a 
copper alloy loading the metal capsule of a bellows-like side attachment wall with compression molding, putting 
in a spacer, and sealing it after degassing. 

[001 6] Moreover, the carbon of this invention, and/or the fiber and copper of graphite are also characterized by 
wrapping the compression molding of the mixture which consists of powder of the fiber which the manufacture 
approach of composite material that ** consists of a matrix of a copper alloy becomes from carbon and/or 
graphite, and a matrix in copper sheet metal or a copper foil. 

[0017] Furthermore, the manufacture approach of composite material that the carbon of this invention, and/or 
the fiber and copper of graphite also consist of a matrix of a copper alloy, as for ** is 800 degrees C or more, 
and hydrostatic-pressure pressurization between heat is characterized by being carried out at the temperature 
below the melting point of copper or a copper alloy. 
[0018] 

[Function] According to the composite material which consists of a matrix of the carbon of this invention and/or 
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the fiber of graphite and copper, or a copper alloy, it is strengthened by the fiber which consists of carbon 
and/or graphite, and has a low-fever expansion coefficient in the direction of a field, and the internal stress by 
sintering solidification is small, and there is no risk of deformation by the heat history and breakage. Moreover, 
since it can consider as high temperature conduction in this direction by the coefficient of thermal expansion of 
the direction of a field perpendicular to a contraction shaft being able to take a low value, and using graphite 
fiber with the high rate of graphitization of high temperature conductivity, since carbon and/or the fiber of 
graphite are carrying out orientation of this invention in the direction of a two-dimensional side at random, if an 
ingredient is cut down to the parallel sense to this field, a product suitable as a substrate for semiconductor 
devices can be obtained. 

[0019] Moreover, since 1 shaft orientations are made to contract manufacture of the composite material which 
consists of a matrix of the carbon of this invention and/or the fiber of graphite and copper, or a copper alloy 
using the metal capsule of a bellows-like side attachment wall by the hydrostatic-pressure pressurization 
between heat (the HIP method), the orientation of the fiber which consists of carbon and/or graphite can be 
made to carry out in the perpendicular direction to the contraction direction. 

[0020] Since copper or a copper alloy is used for the composite material of this invention as a matrix, its thermal 
conductivity is good. Moreover, although the harmful carbide of aluminum4C3 grade is formed in the interface of 
the fiber of carbon and a graphite, and aluminum, it is easy to exfoliate in it in an interface at the time of a 
temperature cycle, and the heat expansion fall effectiveness by carbon and the graphite fiber is not fully 
acquired but a problem is in it in respect of dependability when a matrix is the composite material of aluminum, 
this problem cannot be found at the matrix of copper or a copper alloy. Furthermore, it has the thermal 
resistance in which Ag soldering with a package and a heat dissipation substrate is possible, and is useful also as 
a heat dissipation substrate to a ceramic package. 

[0021] The aspect ratio of the carbon of this invention and/or graphite fiber and the reason for limitation of the 
rate of the volume are explained. Drawing 1 is drawing in which showing the rate of the volume of the fiber which 
becomes an aspect ratio and an axis of ordinate from carbon and/or graphite on an axis of abscissa, and 
showing the aspect ratio of composite material and the relation of the rate of the volume it is unrelated from the 
matrix of carbon and/or the fiber of graphite and copper, or a copper alloy. The aspect ratio and the rate of the 
volume of fiber which consist of the carbon and/or graphite of this invention are within the limits surrounded by 
the point of A (4 75), B (10 75), C (30 55), D (30 25), E (20 25), and F (4 45) shown in dr awin g 1 . 
[0022] Aspect ratios are fiber length/diameter of fiber. The fiber which the reason for limitation of the aspect 
ratio of this invention becomes from carbon and/or graphite with an aspect ratio smaller than 4 was difficult to 
produce, and since it became cost quantity, the four or more-aspect ratio thing was used for it. Moreover, the 
internal stress accumulated when the aspect ratio exceeded 30 and sintering solidification of the composite 
material is carried out became large too much, and since the risk of deformation by the heat history and 
breakage was large, it limited to 30 or less. 

[0023] The rate of the volume of carbon and/or graphite fiber will become weak, even if sintering solidification 
becomes difficult and can sinter, if 75% is exceeded, the property as a composite material is not acquired, and 
the reason for limitation of the rate of the volume cannot fulfill the property especially demanded as a substrate 
for semiconductor devices. Moreover, since the rate of the volume becomes [ a coefficient of thermal 
expansion ] large too much and is not suitable if it is smaller than 25%, the rate of the volume is limited to 75% or 
less 25% or more. 

[0024] Furthermore, in the field above the line L1 (alternate long and short dash line) in drawing 1 , even if it 
fulfills these conditions, since the internal stress at the time of carrying out sintering solidification becomes 
large, and deformation and destruction are produced by the heat history, it is not suitable. Moreover, in a [ower 
field, a coefficient of thermal expansion cannot bemade more smaller than a line L2 (alternate long and short 
dash line). It cannot lower especially to the value of a coefficient of thermal expansion suitable as a substrate for 
semiconductor devices. The aspect ratio of carbon and/or graphite fiber and the rate of the volume of fiber were 
specified as the field surrounded by the point of A (4 75), B (10 75), C (30 55), D (30 25), E (20 25), and F (4 45) 
shown in drawing 1 for such a reason. Especially a desirable thing is the field surrounded by the point of H (5 70), 
I (15 60), J (20 60), K (20 40), L (10 40), and M (5 50) of drawing 2 which shows the relation between an aspect 
ratio and the rate of the volume. 

[0025] Moreover, even if long fiber from which concentration of internal stress becomes a problem by that cause 
is not used for making the orientation of the fiber carry out in the direction of a two-dimensional side disorderly, 
it is because low-fever expansion predetermined in the minimum amount of fiber specified at an aspect ratio and 
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the rate of the volume is obtained. Drawin g 3 is drawing showing the outline of the composite material of this 
invention, and orientation of carbon and/or the graphite fiber (1) is carried out to the matrix (3) which composite 
material (2) becomes from copper or a copper alloy at random in the direction of a two-dimensional side. 
[0026] A coefficient of thermal expansion with a composite material of this invention low in the direction of a 
field is obtained. When applying as a substrate for semiconductor devices, it is based on the gestalt of a 
semiconductor device, and its degree C is [ degree C is suitable for a coefficient of thermal expansion in 5-1 1 
ppm /, ] desirable 7.0-9.0 ppm /also in it, and the low-fever expansion coefficient of the direction of a field of 
the composite material of this invention can respond to this demand. 
[0027] 

[Embodiment of the Invention] Although mentioned above about the aspect ratio and the rate of the volume of 
the carbon of this invention, and/or graphite fiber, a 5-20-micrometer thing is used and the path of carbon 
and/or the fiber of graphite is a 8-12-micrometer thing preferably. The die length exceeds 40 micrometers. In 
addition, the upper limit of the average die length of fiber becomes settled in the aspect ratio (fiber 
length/diameter of fiber). 

[0028] Moreover, the matrix of this invention is copper or a copper alloy, as a matrix — copper — although it is 
good, the copper alloy which added one sort of Mo, W, Cr, Ag, and a ceramic particle or two sorts or more 
further may be used for copper or copper. Corresponding to an application, a strong rise is meant and one sort 
of refractory metals, such as Mo, W, and Cr, or two sorts or more are added. Moreover, a ceramic particle is 
added. Moreover, Ag etc. may be added in order to raise thermal resistance. 

[0029] The manufacture approach of the composite material of this invention mixes the copper which makes a 
matrix for the fiber which consists of carbon or graphite by the technique of a ball mill etc. with the powder with 
which it is mainly concerned. Moreover, as a matrix, one sort of the powder of Mo, W, Cr, and Ag, two sorts or 
more, or a ceramic particle is added to Cu, the raw material mixture mixed and obtained is put in and pressed in 
a powder-compacting mold by the technique of a ball mill etc., and the compression molding of mixture is 
obtained. 

[0030] the compression molding of the mixture which consists of powder of the fiber which consists of carbon 
and/or graphite, and a matrix — HIP (hydrostatic-pressure pressurization between heat) — the process which 
carries out sintering solidification using law is explained with reference to a drawing. As the process which 
carries out sintering solidification of the compression molding of this invention by HIP is shown and it is first 
shown in drawing 4 , the metal capsule which consists of [ molding / compression / of carbon and/or the fiber 
(1) of graphite, and the powder (7) of a matrix / (8) ] bellows objects (9) in a side attachment wall is loaded with 
drawing 4 - drawing 6 , and they carry out electron beam welding of the bellows object (9) to a lid (1 1) and (12) 
in a vacuum, and carry out vacuum seal. 

[0031] As an ingredient of the metal capsule which consists of bellows objects (9) in a side attachment wall, 
stainless steel is mainly used. SUS304 is desirable from the point of weldability also in stainless steel. Moreover, 
as for a bellows object (9), and a lid (1 1) and (12), constituting from same ingredient is desirable, moreover, the 
metal capsule which consists of bellows objects in a side attachment wall — the shape of cylindrical and an 
rectangular pipe — any are sufficient. In respect of the yield at the time of the shape of a cylinder being 
desirable and obtaining a predetermined member from a billet in respect of the homogeneity of pressurization, 
the shape of an rectangular pipe is desirable. Moreover, although the bellows object of a metal capsule side 
attachment wall illustrated the radii-like thing, it may not be restricted to this and the bellows of 3 corniform is 
sufficient as it. 

[0032] Moreover, if the rate of the volume of the fiber which consists of carbon or graphite becomes large, since 
the firmness of compression molding will be lost, it is desirable to wrap in copper sheet metal or a foil. For 
example, in accordance with the inside of the mold for powder compacting, it covers with copper foil (13) 
beforehand. By filling up with and carrying out powder compacting of the mixture of the fiber (1) which consists 
of carbon or graphite, and matrix fine particles (7) into it, as the compression molding (8) of a green compact 
takes the gestalt wrapped in copper foil (13), it gives firmness. As shown in drawing 5 , the metal capsule which 
consists of bellows objects (9) is loaded with a side attachment wall, a lid (11) and (12) are carried out, and it is 
desirable to carry out vacuum seal. 

[0033] Subsequently, as shown in drawin g 6 , the metal capsule of a bellows object (9) is loaded with a side 
attachment wall, and HIP processing of the compression molding (8) by which vacuum seal was carried out by 
the lid (11) and (12) is carried out. The bellows object (9) of a metal capsule side attachment wall is contracted 
to the shaft orientations of the fuselage. Although the reinforcement of the direction of a field perpendicular to 
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the shaft of a metal capsule fuselage will increase if contraction advances, contraction advances to shaft 
orientations further. As a result, in a field perpendicular to a shaft, anywhere, since the same pressurization 
contraction takes place, in this field, the volume ratio of the fiber (1) which consists of carbon or graphite, and 
orientation become the same. Thus, by pressurizing and shrinking 1 shaft orientations, the fiber (1) which 
consists of carbon or graphite becomes the thing which carries out orientation into a field perpendicular to 
contraction shaft orientations and by which orientation of carbon and/or the graphite fiber (1) is carried out at 
random to the matrix (3) in the direction of a two-dimensional side, and the composite material of this invention 
can obtain it by the easy and high yield. 

[0034] Although orientation of carbon and/or the graphite fiber (1) is carried out to the matrix (3) at random in 
the direction of a two-dimensional side by pressurizing and shrinking 1 shaft orientations, drawin g 7 (a) and (b) 
examined the composite of this invention about this. As shown in drawin g 7 (a), a metal capsule (23) is loaded 
with the compression molding of carbon, the fiber (1) of graphite, and the powder (20) of a matrix, and vacuum 
seal is carried out by the lid (21) and (22). When HIP processing was performed to this, as shown in drawin g 7 
(b), the core of a metal capsule (23) and a lid (21), and (22) deformed preferentially, and, on the whole, the 
orientation of fiber (1) varied greatly according to the deformation situation. 

[0035] Then, 1 shaft orientations are shrunk by the hydrostatic-pressure pressurization between heat (the HIP 
method), and the orientation of the fiber which consists of carbon and/or graphite is made to carry out in the 
perpendicular direction to the contraction direction in manufacture of the composite material of this invention 
using the metal capsule of a bellows-like side attachment wall. Moreover, even if it uses the metal capsule of a 
bellows-like side attachment wall, the ununiformity of capsule deformation may occur. For example, as shown in 
drawin g 8 , although the compression molding in which the metal capsule of a bellows object (9) was loaded with 
the side attachment wall, and vacuum seal was carried out by HIP processing of compression molding by the lid 
(17) and (18) is contracted to the shaft orientations of the fuselage which a side attachment wall becomes from 
a bellows object (9), the core of a lid (17) and (18) may deform and, on the whole, the orientation of fiber (1) may 
vary. Since it corresponds to such generating of heterogeneous deformation, by covering it the more than twice 
with a thick bellows object which makes a side attachment wall with the lid of a metal capsule, rather than a lid, 
the bellows object which forms a side attachment wall is made to transform preferentially, and pack density is 
fully raised. Since that a big pressure is applied to a lid can prevent until pack density fully goes up if it does in 
this way, the crater of a lid can be controlled. 

[0036] A spacer may be used for the change which covers it twice [ more than ] as many thickness with a thick 
side-attachment-wall bellows object as this with the lid of a metal capsule. For example, as shown in drawing 9 t 
the metal capsule of a side-attachment-wall bellows object (9) is loaded with the compression molding (8) 
wrapped in carbon and/or the fiber (1) of graphite, and copper foil (13) with the powder (7) of a matrix, a spacer 
(14) is put in, a lid (1 1) and (12) are carried out and vacuum seal is carried out. As the quality of the material of a 
spacer, oxygen free copper and a graphite are desirable. When HIP processing of this was carried out, as shown 
in drawing 10 , it contracted to 1 shaft orientations and carbon and/or graphite fiber (1) carried out orientation 
of the side-attachment-wall bellows object (9) of a metal capsule to the matrix (3) at random in the direction of 
a two-dimensional side. Moreover, although the spacer inserted in a metal capsule is arranged on compression 
molding in drawin g 9 , you may arrange on compression molding and to the bottom. 

[0037] The composite material which consists of a matrix of the carbon of this invention and/or the fiber of 
graphite and copper, or a copper alloy is explained with reference to drawing 1 1 about the case where it uses as 
a substrate for semiconductor devices. The composite material of this invention applies it to semiconductor 
devices, as orientation of carbon and/or the fiber of graphite is carried out in the direction of a two-dimensional 
side at random and fiber is carrying out orientation of such a composite material in the direction of a field of a 
semi-conductor substrate. 

[0038] As specifically shown in draw in g 1 1 , it starts as fiber is carrying out orientation of the composite material 
of this invention in the direction of a field of a substrate, and a predetermined configuration is processed, and it 
uses as a substrate for semiconductor devices (4). The plating layer which becomes a substrate for 
semiconductor devices (4) from nickel, Au, Pd, etc. if needed is formed, and a semiconductor device (6) is 
carried on it. Moreover, the substrate for semiconductor devices (4) is joined to the envelope (5) of the package 
which consists of an alumina, covar, etc. 

[0039] Thus, although the composite material of this invention is used as a substrate for semiconductor devices, 
it can consider as a suitable coefficient of thermal expansion to join to various semiconductor package 
ingredients by controlling an aspect ratio and the rate of the fiber volume. So, a terminal, curvature, etc. which 



file://D:¥My%20Documents¥JPOEn¥JP-A-H 11 -140559.html 



2006/09/12 



JP-A-H 1 1 - 1 40559 8/ 1 6 ^— V 

m 

can control the curvature resulting from the differential thermal expansion at the time of joining to the envelope 
of the package which consists of this substrate, an alumina, covar, etc., and consist of a glass ceramic etc. can 
be joined, without generating. Moreover, since the thermal stress generated between the semiconductor chips 
generating heat can also be eased, a reliable semiconductor device is obtained. 
[0040] 

[Example 1] The 1st example of this invention is explained with reference to drawing 5 , drawin g 6 and Table 1 t 
and Table 2. First, using 10 micrometers of diameters of fiber, graphite fiber of 200 micrometers of mean fiber 
length, and copper powder with a pitch diameter of 20 micrometers, weighing capacity of the fiber of 
predetermined weight and the copper powder was carried out, they were blended, it mixed with the ball mill, this 
was put into the metal mold which covered with copper foil with a thickness of 35 micrometers in accordance 
with the wall beforehand, the dry type press was carried out by the pressure of 1 t/cm2, and compression 
molding was formed so that the rate of the volume of the fiber of graphite might become 50%. The filling factor 
(rate that the mixture of fiber and copper powder occupies among the volume of compression molding) of this 
compression molding was about 40%. 

[0041] Subsequently, a metal capsule is loaded with the compression molding formed as mentioned above as 
shown in drawing 5 . Vacuum enclosure was carried out by putting in into the metal capsule which has the 
bellows-like side attachment wall (9) with which the quality of the material consists of SUS304 the compression 
molding (8) of the copper powder (7) used as the graphite fiber (1) wrapped in copper foil (13), and a matrix by 
pitch 10.0mm of the bore of 65mm, the thickness of 0.6mm, and bellows, and carrying out electron beam welding 
of a lid (1 1) with a thickness of 2mm and (12) to the end face of this in a vacuum. 

[0042] Subsequently, HIP processing was carried out on condition that 1500 atmospheric pressures, and 1000- 
degree-C2 h. As shown in drawin g 6 , the bellows-like side attachment wall (9) of a metal capsule was uniformly 
crushed in accordance with the shaft orientations of the cylinder by HIP processing, and compression molding 
was contracted by 1 shaft orientations. The thing with a height [ of compression molding (8) ] of about 60mm 
was contracted by 1 shaft orientations, and the fiber reinforced composite material with a height of about 25mm 
was obtained. Moreover, orientation of the graphite fiber (1) was carried out to the copper matrix (3) at random 
in the direction of a two-dimensional side. 

[0043] As an example of a comparison, as shown in drawing 7 (a) and (b), HIP processing was performed. Like 
the above-mentioned example 1, compression molding was formed, the compression molding of the copper 
powder (20) used as graphite fiber (1) and a matrix was put into the metal capsule (23) of the shape of a cylinder 
with a bore [ of 65mm ], and a thickness of 0.6mm, and vacuum seal was similarly carried out by the lid (21) and 
(22). HIP processing of this was carried out on condition that 1500 atmospheric pressures, and 1000-degree-C2 
h. After processing termination, when these were taken out from HIP equipment, as shown in drawing 7 (b), the 
amount of [ of a metal capsule (23) and a lid (21) and (22) ] core cratered greatly, it became a distorted form, 
and, on the whole, the orientation of fiber (1) varied greatly according to the deformation situation. 
[0044] The with a diameter thickness [ 4mm thickness of 9mm ] sample was extracted for every cm from the 
core about the composite material of the above-mentioned example 1 and the example of a comparison. In 
addition, a sample is extracted so that it may become the cylinder shaft orientations and the perpendicular of a 
metal capsule of HIP processing. Table 1 measures the consistency (g/cm3) of the sample of an example 1 and 
the example of a comparison, and Table 2 measures thermal conductivity (W/mK) with a laser flash method. 
[Table 1] 
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[0045] A consistency is fixed at 5.55 (g/cm3), and all whose distance from a core a sample extraction location is 
0cm, 1cm, 2cm, and 3cm in the example 1 so that clearly from Table 1 are **. On the other hand, in the example 
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of a comparison, dispersion has arisen in the consistency. Moreover, the thermal conductivity shown in Table 2 
is not called at a sample extraction location in the example 1, either, but is almost fixed. On the other hand, 
dispersion has produced the example of a comparison. 

[0046] From the result of these tables 1 and Table 2, in the example 1, it does not call at a sample extraction 
location, but since the consistency is fixed, it can be said that the volume ratio of fiber and the copper of a 
matrix is fixed. Moreover, since thermal conductivity is fixed, it does not call at the extraction location of a 
sample, but it can be said in the sense perpendicular to a compression shaft that the orientation condition of 
fiber is the same anywhere. To it, in the example of a comparison, dispersion arose also in the consistency and 
further much dispersion arose in thermal conductivity. As shown in drawin g 7 (b) from this, distorted deformation 
of a capsule shows that the volume ratio of fiber and orientation change greatly with sample extraction locations. 

[0047] It was 10.2, when the sample of this example 1 was dissolved using the acid and having been asked for 
the average aspect ratio. In addition, although the graphite fiber of a raw material was 10 micrometers of 
diameters of fiber, and the thing of 200 micrometers of mean fiber length, the average aspect ratio of the 
composite material obtained by mixing with a ball mill, compression molding by the dry type press, or HIP was 
the thing of 10.2. 
[0048] 

[Example 2] The 2nd example is explained with reference to drawin g 12 (a), (b), and drawin g 13 (c) and (d). In 
drawing 12 (a), (b), and drawing 13 (c) and (d), an axis of abscissa is a rate of the fiber volume which an aspect 
ratio and an axis of ordinate become from carbon and/or graphite. 10 micrometers of diameters of fiber and the 
composite material which has various aspect ratios and various rates of the volume by the same process as an 
example 1 by making a Cu~20vol%Mo alloy into a matrix were produced as fiber of carbonaceous. This was heat- 
treated 2h at 850 degrees C among reducing atmosphere, and the deformation behavior was investigated. 
Moreover, the coefficient of thermal expansion was measured and it investigated whether it was a suitable value 
(5-1 1 ppm). It investigated whether these would be synthesized and each composite material would be equipped 
with the property suitable as a substrate for semiconductor devices. 

[0049] Drawing 1 2 (a) shows the produced composite material by O mark, what drawin g 12 (b) was what showed 
the deformation behavior by heat treatment, O mark had the thing not deforming or slight deformation, and x 
mark transformed remarkably — or it destroys. It is what showed the deformation behavior by heat expansion, 
and the thing of a value (5-1 1 ppm) with appropriate O mark and x mark are too high, or d rawin g 13's (c)'s are 
too low. Dr awing 13 (d) is what showed the comprehensive evaluation result, and its thing and x mark for which 
O mark is suitable as a substrate for semiconductor devices are unsuitable as a substrate for semiconductor 
devices. Only when it has the aspect ratio and the rate of the volume within the limits which are specified by 
this invention so that clearly from the result shown in drawing 12 (a), (b), and drawing 13 (c) and (d), it turns out 
that it has a suitable property. 
[0050] 

[Example 3] The 3rd example is explained with reference to draw ing 1 1 . With 10 micrometers of diameters of 
fiber, and a pitch diameter [ the fiber of the graphite of 200 micrometers of mean fiber length and the pitch 
diameter of 10 micrometers ] copper powder was blended so that the rate of the volume of graphite fiber might 
become 60%, and composite material was produced like the example 1. It was 7.5 when asked for the aspect ratio 
like the example 1. This composite material was cut down so that the orientation side of graphite fiber might 
serve as the direction of a field, it considered as the substrate, and as shown in drawing 1 1 , Ag soldering of the 
envelope (5) which becomes a substrate for semiconductor devices (4) from an alumina was carried out. Under 
the present circumstances, curvature etc. was not looked at by the substrate (4). Furthermore, a semiconductor 
device (6) is attached in this and they are 500 cycles or a beam about a -40 degree~C< — >1 25 degree C 
temperature cycle. Consequently, the exfoliation from the substrate (4) of a semiconductor device (6) was not 
accepted. 
[0051] 

[Example 4] The 4th example is explained with reference to drawin g 5 - drawin g 10 and Table 3, and Table 4. 
Raw material mixture was mixed like the example 1 mentioned above, compression molding was formed, and the 
same HIP processing as an example 1 was carried out. As shown in ("the lid thickness of 2.0mm" of Table 3 and 
Table 4), and dra wing 5 , one put compression molding into the metal capsule by which a side attachment wall 
consists of bore [ of 150mm ], thickness [ of 1.0mm ], and pitch 15mm bellows **** (9), and it carried out the lid 
(1 1) whose thickness is 2.0mm, and (12), and carried out vacuum enclosure. 
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[0052] As shown in (the "lid thickness [ of 0.6mm ] + spacer" of Table 3 and Table 4), and drawin g 9 , another 
loaded with compression molding the metal capsule by which a side attachment wall consists of bore [ of 
150mm ], thickness [ of 1.0mm, and pitch 15mm bellows **** (9), put in the spacer (14) with a thickness of 
10mm it is thin from oxygen free copper, carried out the lid (1 1) whose thickness is 0.6mm, and (12), and carried 
out vacuum enclosure Furthermore, ("lid thickness of 0.6mm" of Table 3 and Table 4), as shown in drawing 8 , 
compression molding was put into the metal capsule by which a side attachment wall consists of bore [ of 
150mm ], thickness [ of 1.0mm ], and pitch 15mm bellows **** (9), and thickness carried out the lid (17) which is 
0.6mm, and (18), and carried out vacuum enclosure. In addition, as for the metal capsule of a bellows object, and 
the quality of the material of a lid, all and a case also used SUS304. 

[0053] As a result of performing HIP processing, as shown in drawin g 6 in the case of "2.0mm lid thickness" 
shown in drawin g 5 , it is mutually parallel, and the crater etc. was not seen, but a lid (1 1) and (12) contracted 
compression molding to 1 shaft orientations. Moreover, although the thickness of a lid was 0.6mm, since the 
spacer with a thickness of 10mm was put in in the case of the "lid thickness [ of 0.6mm ] + spacer" shown in 
drawing 9 t the crater etc. was not generated as shown in drawing 10 . On the other hand, by "the lid thickness 
of 0.6mm", as shown in drawing 8 , the core of a lid (17) and (18) deformed. As for the deformation, the center 
section of a lid (17) and (18) had caved in about 3mm to the periphery. 

[0054] About these ingredients, the sample was extracted like the above-mentioned example 1, and a 
consistency and thermal conductivity were measured. Table 3 shows a consistency (g/cm3) and Table 4 shows 
thermal conductivity (W/ mK). 
[Table 3] 
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[Table 4] 
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[0055] "The lid thickness of 2.0mm" and a "lid thickness [ of 0.6mm ] + spacer" cannot call at a sample 
extraction location, but from the result of Table 3 and Table 4, since the consistency is fixed, the volume ratio of 
fiber and the copper of a matrix is fixed, and with the sense perpendicular to a compression shaft, the 
orientation condition of fiber is the same anywhere, and it can be said that thermal conductivity is fixed. To 
these, in what the crater with a "lid thickness of 0.6mm" generated, dispersion arose also in the consistency and 
dispersion arose also in thermal conductivity. 
[0056] 

[Effect of the Invention] As explained above, according to the composite material and its manufacture approach 
of this invention, the effectiveness that it is strengthened by the fiber which consists of carbon and/or graphite, 
and has a low-fever expansion coefficient in the direction of a field, and the internal stress by sintering 
solidification is small, and there is no risk of deformation by the heat history and breakage is done so. 



[Translation done.] 
* NOTICES * 

JP0 and NCIPI are not responsible for any 
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3.1h the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] Drawing showing the relation between the aspect ratio of this invention, and the rate of the volume 

[ Drawin g 2] Drawing showing the relation between the aspect ratio of this invention, and the rate of the volume 

[Drawing 3] Drawing showing the outline of the composite material of this invention 

[Drawing 4 ] Drawing explaining the embodiment and example of this invention 

[ Drawing 5] Drawing explaining the embodiment and example of this invention 

[Drawing 6] Drawing explaining the embodiment and example of this invention 

[Drawing 7] Drawing showing the example of a comparison 

[Drawing 8] Drawing showing the example of a comparison 

[ Drawin g 9] Drawing explaining the embodiment and example of this invention 

[Drawing 10] Drawing explaining the embodiment and example of this invention 

[Drawing 1 1] Drawing explaining the embodiment and example of this invention 

[Drawing 12] Drawing showing the relation between the aspect ratio of the example of this invention, and the 
rate of the volume 

[ Drawing 13] Drawing showing the relation between the aspect ratio of the example of this invention, and the 
rate of the volume 
[Description of Notations] 

1 Fiber Which Consists of Carbon or Graphite 

2 Composite Material 

3 Matrix 

4 Substrate for Semiconductor Devices 

5 Envelope of Semiconductor Device 

6 Semiconductor Device 
* 7 Powder of Matrix 

8 Compression Molding 

9 Bellows Object 
11 12 Lid 

13 Copper Foil 

1 4 Spacer 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word_ which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[ Drawing 1] 
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[Drawing 3] 




[ Drawing 1 1] 

4 




0 5 JO (5 ZO Zb_ 30 __ 3S _4P _ 

[Drawing 4] 
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[ Drawin g 5] 
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[Draw ing 6] 
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[ Drawing 8] 




[ Drawin g 9] 
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[Drawing 12] 
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[ Drawin g 1 3] 
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©.-S.KB 2 *lfc«5BF*3-eab SCi SriftgSti t ht><DX& 
£„ ft*J. *IM8K:*H»-C. &»*£«. (g^ROV 
XttHISff ©«$«©<*«) / (K3RRCf/Xl4J*4flK© 

x$>&„ 

[0013] ttc*m}<D&mistv/xi*m$sM<Dmm 

«. vhy^^iiKB, £6&CMo, W, C 
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r, Ag, -fe^S v^&^©liIX«2«JiLh£$t?gfi 
£&T?*SC±*«F»t , *-*fc©T?*4. *fc*«W© 
^*RO'/X«MiS»©H»i^4> L < «»££©■? jh 

'j^moft «i*i»B'. ¥zSi«^gfflS« £ o x 
m>6nac£%«f«£r**>©"c*s. 

[0014] ±fc#369!tt. K3R&iyt/X«iy&«3&> 6 
ft£ifcit£ v h U 9 *^©»5|t36»6ft*iB^«»©EI»fiS 
£*ejgtfflWe©£Stii * MC$HM L, XKtfffiX 
§*L. Jftlffl»*ffi!lllffi«:j:r). MIB)E*i^Sf^*Sg«U 
10 fc£JS$S#:/-fe;l/£ 1 W^[S]tciRffi3-tf6C ££1#m£ 
f S^St>*/XBMIS«©^t£S04> b < ttffl£&© 
v h y 9 ? x «fc 0 ft sa^tm©«js^ r * S . 

[ooi5]* fc*^B^©^sj>'/x«ms®©a« 

m<ommtmh < »»^©v h * *x j: 0 ft?>^ 
*m©«ji*ffi». BE«fi£s«i**aittiws©^iBii!* 

*#SJ[£-r-sfe©r$,-5 < , 

[0016] * fc*^Bjo^st>*/x«.*is«©is« 

iiifc < {iffl^#©v h ^ ^ x j: 0 ft*a^*tm>« 

. %m%.zf/juzMsmfr & ft «s.ft £ v h 
* ^©»**» 6 ft siB^«»©ffiitfisaa!»*«. momu 

i>L<izt§xQ£ftx^&ct%mk£T2>i><Dx$> 

[0017] 3 6K. *«W©KJKRCf/XBJlSllBK© 
Sliltifflfe < ««^^©v h y » J;0 ft*a^ttf4 

30 <D$mfimz. «ym»*jEEaiBE*». 8 0 0 -c«±r. » 
0 < »ti^©ai!^«T©ss-ctf *>nz c t *wm. 

t-?Zi><DX'foZ> 0 
[0018] 

mm] *ftw<D&kmj&v i /xtzm$m<DMmtmi> l 

SaRSOf/XttlMflW* e> & -5 ioTMSh, 

f&^*^jN$<. OMUBtcj: ^99^. JKa©fe^ft^*> 
©■C*S„ Sfc. *%bj«, ^sS&Df/XttlllS®©^ 

40 »^2;X7cffl73f^t<:^>^A(cier&ju-ct^©r, iRH 
WJcSSft ®^rSj©«lE'5R<^«<gc^^ iJCidif 
]«f^fe«14©M^b*©«^iyssa«^ffl^-5c 

£JCJ;«3. C©^[S]iCl«^ieii<i:-r^C£^-C#'S© 

^SfflSKi or»aft«ft*»*c 4*«t?#*. 

[0019] *^©j^«RCK/X»HI&K©« 

iSiaifc l < «m^©v h y 9 ^Xcfc<p ft£i«£ivm 

©«»«. «WH»*tBME (H I Pffi) -CKlftt^ffliJig© 

^«»*f-feji/*fflc». Hto6ri$i«:iR«3-&s©-c. R 

50 mztu/xizmimfr 6ft *twi*jRMttriei«:*r on 



L 



I 



(4) 

5 

Bft ^rfi] (cieioj s a s c £ #r ^ & & ©-c * s . 

•5. ifc? h V v 1 ©8tettl4©«^tt. R~ 

JR. mS©m«iA 1 £©J?ffi&C, A 1 4 C 3 5?©W« 

ft^MJ3«&$ft. i^iM *;M#«c»ffirt9Ki,«» 

6ft if. <t*tt©j£rWH#*Sj&s. fHfeb<tt£i££ 
<D~? b 'J ? ^^-C»*i*>-5WJS*ittC». $ e>&c, ^ 4r 
-V> ifeiifiiOA g 5 5ttW*^tBftW*ltt*W 10 

Wfflft&©"C&£. 

[0021] *m*<Dmmj&v/y.um&nwm<oTx 
bttRv&mmwmm&zi&wrz. bib. a 

mtCTX^i? hit, «SEtt{cKSRRCf/X«H«SH*>63Ec 
£«8i©f*fl*£^L,, K3RSCf/XttJSMBK©«Mti 

mi> o< ««&&© -7 b v v ? x <t <o ft -satetmoT 
mmz. m i &c^-r a (4, 75) . b (10, 7 20 

5). COO, 55), D (3 0, 25), E (2 

0, 25), F (4, 45) ©.■sccfflinfcffiHrtr* 

[0 02 2] T*-<^ htfcitt. jSyftfi/SUttST* 
-So *^©T^-^i' H:b©PlSffifi«, TX^fblk 
ifi4£<0 l»SSRRDf/X«IWMr*» 6 ft Stftlitt. 
fFS^HSf 9 3 X hiS(Cft-S©rT^-^i7 h it4W 

±©fc©*fl§t>fc. StcTZ^* btk& 3 Ofciffi* Si 

<ftortr, «Miffi«c«fc*se^. «a©/aift^#i»© 30 

■C3 OfclTtCRRjeL-A:. 

[0 02 3] &^©RB©lEiitt. gaERtf/XfcMMS 
KMfttt©ft!l*#s. 7 5%£iS;i&£$£M@{t#Sffl»£ 
ftO. /ci^$£r^-C*>Bfe< ft«3. IS^WWi UT© 
#tt*5f#6ft-r, 1ttC^2ii*^gfflS^<tbTS*3ft 
SWftijUfc-rcitt-r^ttO. 4;M*8I*#. 2 5% 

«t *) 'hZ^tmB®&&&*.% < ft K> t € r®^r«ft 

l,i©ri*»^«2 5%«±7 5%«TtcRg^$ftS„ 
[0024] 36iC, Cft^^fF^fcUT^Tfc. 

iimmi <— ^Ei»») j:»)±»©«*-c». 40 

j&MBItU/cl£©rt §te##* Sf < ft S fc«>. MJHfiCc 

<— jswasi) «t 0 «t 9 Taj©««"c»«««««*/hs 

Sft««a^©ffl*rTtf*C C©<fc 
5ftSS«cJ:«3 01 {c^-T A (4, 7 5), B (10, 
75) , C (30, 5 5). D (30, 25) , E ( 2 
0. 2 5) . F (4, 4 5) (O&m&txtcffl&K.mm 



1 1-14 0 5 5 9 

6 

©M^?r^-rS2©H (5, 7 0), I (15, 6 
0) . J (20, 6 0), K (2 0, 40) . L ( 1 
0, 40). M (5, 50) ©.■SfcHSft/cSIi^-C* 

[002 5] Jfc, 2 •&ttffiJ3fatCffim*MftfrK. 1 §£fo 

3t*£©tt. *ft{c«t 0rtaiJI&*©Slit>3&*WH«:ft4«fc 
^ftfit>*Jtt£ffl<,>ft<T4>. rx^^ btbt&mmv 

mm z ft s «/h©«Mt*r ^©{b*u&»#» 6 n * *> 
6r*s„ 03 «. *»9!©a^tm©«s*^-rBi 

r. (2) ii. ^4>L/<«ai^#*»6ft4vh 

•J'^X ( 3 ) K. flSJRS^/XlWMSHOfS ( 1 ) # 

2 ^7cS*(S] «c 5 > # a 4c iBfoi 5 ft r t, > & & ©r $> & . 

[0 0 2 6] *»W©fl[^tm«. ffi*l^-Cfgt^|^?S 

»»3W»6fts*>©T?*4. *iMg«asi ita 

»5~1 1 p p m/T^jl^r* 0 , ^-©ct3-Cfe7. 0 
-9. Oppm/WSLl^onD, #»«©» 

^Wf4©a^rsj©fg^5g^«^*>ss*(c>rtirtr.-ct 

Sfe©T*-2> 0 
[0 0 2 7] 

moiTz^f bttJ8.vtmmiC'o\<*x±&utcifi. $m 

R^/XiiilSfOiiiDlB, 5-2 0«m(DW 
ffll^ft. t < W8~ 1 2 ttm©i®tl)S, ^© 

s$©±im»-e©r^-<^ htb (»*s/m*6S) t& 

[0 0 2 8 ] S/c, ^?m<D~? b f u < « 

ai^-C^>-So vhij^xtbtiii©^iJ:^ 

*5, «fcO<««CC. ?6tCMo, W, Cr, Ag, -fe 

55 7 ^e^-© 1 ax«2aw± ; &^JnL/c^#*ffl 
r m o . w. c r m<Dimus&m® i mxit 2 S^±?r 

[0029] *#6w©a^*m©«ji*ffitt. ^is^ t 

i-rs«&5S<b^(c^";U5;^©#^-C^T-5» 0 * 
fc, vh'J-^xiLt, CutcMo, W, Cr, Ag 

©*&*© 1 mxiz 2 ««±*. $ /c«-fe ^ 5 
[0030] &tm&u/xi*m&n&h%:2>mm£v b 

smismwzH 1 PT?«aswb3-&*ig*^-r<>© 

T. Jfi4(C^1-i^tC. K*Si>*/X«lliSK©ll 
i(U ivh>;-; ^X©«&* (7 ) tOKMmSLWl 
(8) ^ffliJlg?:!KH^ (9) xmj&2tiZ>$£MW:t>y*. 



A 



(5) 

7 

mc«»u kid (i2> ti&mw ( 9 ) zmm 

[0 0 3 1] ffliJfS^rteiSft (9 ) "CfllfiSSnS^MI!* 

£„ Xf>UX|0©c|3-C^SUS 3 0 4**jggH4©*a> 
6S*tA>. *fc*fi«M* (9) £. SE (1 1 > (12) 

i>r tit? 4 J: l». flnffiCDi^-tt 4 i > 5 £r B RfiHfiW 

sk, t* u » h *» & Brse©»» *»sib©#s * o £ io 

fi©*6BK*B. R5ItK©4>©£0^l>fc#, ctHOR* 

[0 0 32 ] L < «HISM^e> ft^lfttt© 

ttSUPrtS;** < ft £ 4 . BEWfiSSWO^tt^toti * 
©T\ «W«feL<«ffi-catfCi3&**f*H,». 

«, ^ff^fflM©rtffl«c?0ora5is (13) ^i&SIi 
*©«*>«:&*<> 1/ < B&ftaftfc&ft&iftHI (1)4 
v h ? i/x^i* ( 7 ) ©»^»«E»l/EE*WSC 4 

tcxvEfflftoEffimmwi ( 8 ) (13)^2 20 

ft 4 -5 J: SC lT»tt S J: "5 K b T . 

0 Steffi 5 K. (9) -c«fiS3ti*^ 

R«*^-fe;U(cS6aiU. 1(11) (12) 
St}-r-6C4*s*f^Lt,\ 

[0033] -x^~c. m6 icffk-r «t 9 (c. tostfttHtt 
( 9 ) ©^jwH^^jutcsansn. kid < 1 

2) ?JK£fl&3tlfcjE)Mg'M (8 > *hi pw-t 

■So ^juj^^-b^niiswtaatt (o> b. -&©«*© 

Pf*©ttR:£iffftffi3fiSj©ait&B*frrj&J. SfcKttfciaj 30 
«:»Rffi* 5 Jltf-r-5. 0 c©M*tt(cgit^Brtr«4cr 
£I^DJDEi|»SiSac £©•£>. c©ffirtt?BHSRfct/< 

KjMBKfe&tt&flRMi ( 1 ) ©ttflttL Kl6iBI5Jt;4ft 
•5, C©J:3teft]EL ltt:£fflKi|ja83l±SC4K:J: 

0. l^fcU<BIIS&S?a> 6ft £18*8 (1 ) BttHWre 
("KCgeftHFtycRffi U vl-'Jfi'^ (3) %m 

Ru/xizmsmmm ( 1 ) ^^tcs^^^a 

iciEl6]$nr(,^fe©4Aj:«3. #»9J©«^tm:WgS 

[0034] *»!l§©»tettB. MEL 1 H^KCJtUi 40 
3t*-SC4(t<fc»). h-y-tr ( 3 ) tc, iXSK-RV/- - 

XKAMfifflMK ( 1 ) *> s 2 ^7Cffi^[Sj (C 5 > # A KEfa 

snru5fe©-cs>-s*i. cntcot,>T07 (a) 

(b) -Ct&WLfc. 07 (a) K^-TJr^ic, £HSg# 
7"H2;U (23) (c^S. HiS«©iWS ( 1 ) t^bVv 
?X©f&* (2 0) 4©EEttJiSg!ft*«»U m (2 

1 ) (22) -cxsast-r*. cnccH 1 p«m*tf o 

fc4C5. 07 (b) (CTn-rj^&C. ^JgSg#7'-teJb 
(23), (21) (22) ©4M>tt**«teWK: 

se&u *©a3fcKiB«cisoT. 4&*t ( 1 ) ©egi*^ so 
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[0 03 5] -ec-C, *«W©»^tm©«Jfi-CB. 46 

(h 1 pft) r i'WG&T^icc jrm s -a-. KfRo'/Xfil 

IS» 6 ft S mm £ flXKttriSi tc *f 0 T fiiS ft ^r6] tc BBi^g 
3tf£fc©-C£>£. jfiJttttffliJSC^RK*^*^ 
£fflt,>-Cfc. * 7' t 1 1> C i * 
mtfB8K:^TJ:5«:, ffiftf Jj)cM=f?9© H 1 p®H 
cc<£9. ffl)ea*ffi|g<* <9) ©^M$^*7 - -fe;l/0c^3 

n, Ki7) (is) -cM&mmztitcKffij&m® 

B, MBtfffiHtt (9) *»6tt4IH»©il*l$l{ciR«-r 

M(i7) (is) ©ip<c>flbwffigu mm 

( l ) ©iei6j*i^*WK:tf6o< C4*5*S„ c©J:^> 

^©a*. flje*tt-r*EsiH**©w«©2<&«±4-rsc 

±-Ct5©Tl©^C*«r«I*IjT#-5„ 
[0 03 6 ] ^MSS*7 , -fe;l'©l?:fIiJII46a^©^J5© 
2 i § «± © J9 S K t h mt> <0 5C X "< — !r- - % m I > r £> <k 
0 9tc^"TJ:^{c. aaKRCf/XttlMSW 
©H*S ( 1 ) ivh'J ^X©«&* ( 7 ) 4©fl3S ( 1 

3) -zQ$.titcKm®gm (8) zmmtrntt- o) © 

#H^7*-te;U4C^U, X^-lf- (14) £Aft. 
1(11) ( 1 2) SrL-TjE^ffrS. X-^— 9--© 
W»4O-r«^^3Si0. IMB*t»*L/l». C*i£HIP 

mmr&tmi occ^tj;^^. #nsi{* ^hz ju©wjs 

( 9 ) » 1 tt^iajCCJRfflb. vh'J^W ( 3 ) 
{c, *WSSCf/XB«ieK«»6 ( 1 ) 0fi2X.7tWl3folc 
7>^A{CiS|fij3n/cfe©4^4. */c, 0 9-CB. ^ 
JRK * ^ -fe ;mc # A ? n X — 9- - * E^fiSM«5©± 
tcEHL-Cl^J&J. EESIfi£M!fei©±. Tic&muxt>£ 

[003 7] *^cD^*SO'/X»MISH©liiNI4a3 

[0 03 8 ] Mt&tfitcum 1 1 icm-f J: 5 «c, 
«^*«4*»S©ffi^{c«Kl3*iEl^ J: ^ fc^j 

omu0f5£©»tt«:j!BiL. ^mwm&mmw. (4)4 

*z»^gfflS« (4) KB. s£»(Ci&D 
TNi, Au, Pd, fc<Sr*»6&*»r>*J**J&JiSU 
*©±K^*^ (6) ^fgifi-TSo 
ffl*«(4) B. TJU5^--?>=i>'N*-;L'J&4^6a-S^* f 
^-^©^H^ (5) 4g£-r£ 0 

[0039] c © «fc *> icmtwvm^ttnz^m&gig. 



(6) 



mm&tL-cm^z>&, yx-^ hit. mmvmmzffl 
m -$ £ c t ic j: <o . v>wm tm^t 

BasSEr.^ ^3><-.«<ft fjfcfcfcS''* ?^r-S>© 
[0 04 0] 

[SUSfll 1 ] **I8©» 1 ©: 



¥±>)SI«S2 0 0m mCiiS! 



10 



20 



$-r. mmmi o nm, 

Itt. RO'^P^S 2 0m 

m<Dffi®*mi<K ms'Momm&mmv 5 o % « % & 

;i>s;uc-c$l-£-u cft£ : ?«>i*jigtcy&oT/?3 3 5 u 

m©»fg*lfc*IS8bfc£aS«:A*i. 1 t/cm 2 ©IE* 

w^i gu-s- ) « 4 o %m&v &> ~> 

[0 04 1 ] x^x. ±»©J: ^ccj^RSUfcEBltJiSsa 

(13) K&SftfcJM&ttttlt ( 1 ) i?MJ'jWi 

(7) ©ESffiJjSS!^ (8) «S6 5mm, 
WJ10. 6mm. $&m<Df"j?- 1 0. Ommr. #ff# 
SUS3 0 4*6tt*«JBtKflB« (9) £«f£:£JIS{ 
Jyy-tefrCDtplcAti. cn©^®Kj?$2 mm©M ( 1 

i) ( 1 2) &m&<px-n : ¥-t:-&&m?zctK.£ 

[ 0 0 4 2 ] #<,>t\ 1 5 00MEE. 1 0 0 0°C2h©*30 

ffiS(g/cm3) 
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*3M$-fH I Pmmbtc. 0 6«C5*TJ:5«C. H I PJfflffl 

K«fc9#H«*^-te;u©teJBPKflffiS (9) tt. -e©RM 

KttWSrifc. EStJSS!^ (8) (DMZme OmmOt 
©#. lW^lfijCciRffiSn. W<*fa2 5mm®ii^{t 
ate*«4#»6ftfc. *fc. J9MfiKfifeHI ( 1 ) ttif©v 
h V v V X ( 3 ) <C2 'XjtWIifalC^ > ^A&CgBfti* ft 

[o 0 4 3 ] mmtv-c, mi (a) (b)tc^-rj; 

I P8HI£fToT#fc. ±fan»ji £|5J«tC. 
ffl»J5JtS«l*J&ifcU «ISH«f« ( 1 ) i^hij-^^ 
(2 0) ©ffiffisSSMJi*. rtl6 5mm, A 
JP0. BmnKDR^COil*/^ (2 3) KAh, 
1(21) (22) r^atCjtSai* Lfc. CM 1 5 
0 0«JI. 1 0 00"C2h(D^ft-CHIP©lO^ W 
S^TfS, Ch^H I P*gK*>e>lX»)tHkfc£c3. 
07 (b) {C^fcfc^K:#Jl*7--fe;U (2 3) . 
(21) (22) OfpfofflMfitt < ^C*l»Cfo«c0 

t&o. ^-©^^tcjtSDT. mm (i ) ©se^]^ 

[0 044] ±sb*»W l SjyfJt«W©»^tm«coc> 

rtf'C^^ 1 c mC£(Ci|[S9 mmJ?2 4mm©1f>7' 

^*esRu*:. D->^utt. h i Ptemv^mm 

v$>2>. HifetaHSo*ibt5^d©D->^b©^a 

(g/cm 3 ) *iiJSl/fcfe©'C*0v *2«. U— tf 

-7 5 7i/*SKtifi#$ (f/mK) ^aujeufcfe 

[*1 ] 



[*2] 



3>iQ*^©i£*i(cm) 


0 


1 


2 


3 




5.55 


5.55 


5.55 


5.55 




5.55 


5.55 


5.53 


5.49 


Sfte3^(W/mK) 










4»i6Jb^<nffiai(cm) 


0 


■ 




3 




390 


387 


392 


389 




391 


381 


1 365 


339 i 



[0045JU frhWhfrti: «fc t^k:. HJfiWi rttt 
> 7';l<8jBX{6g#s, rp,|>j&> 6 ©^^t*5 o c m . 1cm. 
2 cm. 3cm©UTft&. $5fg.&5 . 5 5 (g/cm 

if«tJ->^^{4S{Cct6-r. aa-t-c*4. c 

[0046] Ctt5Sll. *2©^J:?). Hft^lt 



50 



[0 047] c©^^ Kov-^yjv^m^m^xmm 

L/. ¥te)©TX-^i7 htt^:3jcest.fc<!:C6. 10. 2T* 



(7) 



11 



^*&S;S2 0 0 Atm©&©r*-S#:. tf'-JU 5 ^r©ig 

?#e>*lfc«£tt^©¥^TX=<:}' hflsB. 10. 2©*> 
©-C&ofc„ 
[0 04 8] 

immm 2 j » 2 ©sastw*ia 12(a) ( b > rcw 
13(c) ( d ) z&mv-cmm-rz. 012 ( a > 

( b ) S^i 13(c) ( d ) (c*Jl»r , fltfA«T^-^ 

^T*-2> 0 ^«a©«S«li bxmmk lOam, Cu- 
2 0 vo 1 %Mo^7 f- 0 •> t> X <h L rlfetSF'J 1 i 
R«©«ffiT. ^©TX"^ hit, Jt*©#«*£J# 

oa^ttw*fgKLyt. c n*m7tmm%& 8 5 0 °c-c 

3Effi»*aiJJ£bj8S&IB (5~1 1 p pm) 

[ 0 0 4 9 ] a 1 2 ( a ) «, fRRbfc8tel#B*OEP 
-Cif; Lfc 012 (b) tt. f&toStCfc-S^ 20 
Jf5*»*mbfc*>©-C. OEPtt^b&t,>fc©. *>o< 
tt^Jf^ 5 SSft^ & © T- * «5 . x EH ttig b < ^Jf$ b fc 4> 
©. *>L< ttffly3ibfi:&©-C*S. 013 (c) «. $S 

(5~i i ppm) ©&©. xenwiS-ra-'s*\ fitf 

■5 £>©-?£>&„ 013 (d) «, ti&WMIt&Wt&TfiLtc 

4>©-c. OEn«^«<*^gffl»«ib-ca-r5fe©. x 
aiB*awwatfflas4b-c^aafe©'c*s. 012 

(a) (b)ROT13 (c) (d) K^T®***^ 
(0 05 0] 

[**W3 ] f& 3 ©HJ&t*l£0 1 1 ?r#BSbr^-r 

mm® 1 0 urn. ^«ltS2 0 0 u m©M$8B© 
mtSi^Sl 0(im©»^, JUSSmNi©**^** 
6 0%&Cft£<fc5&Cl2^b. HJfeflll &BNRfClK6tttt 

c6 7. c©a^»^*iys®i^©ffii»i 

ffl^p^rrsji^c^jr^oc^ioaib^ib. 01 lic^ 40 

_T k , ^mi^mmmmm. ( 4 > cc 5 e> & 3 - 

?ffli§ (5) 4AgiftWl/fc. C©R. (4) «C* 
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(6)*KDfftl -40°O — »1 2 5*C©»BHM * 
;l>£ 5 0 0 If-/ ^l/jfrW/c -e-©*SIH, ^zg&SPH 1 
( 6 ) ©Sfi ( 4 ) 6©iHJ*B:B«E>e>ft&rt»r>fc. 
[0 0 5 1 ] 

[ 4 ] ffi 4 ©HJfetfiJ*. 0 5 ~0 1 0 SO'S 3 . 
*4£#Mb-C!&HJ3-r-5>. ±aS0AJ6S6«l iPJ««cJ0R 

«©h i PMa^b/c 1 ora (^3 . si4© r^mfr 

2. 0mm J ) . 05&tijVrJ:Mc\ j£tfr££&&ffi|£ 
A 5 rtll 5 0mm, WJP 1 . 0mm, 5mm© 
tmWffi (9) frfcfc-S^JRfiJ&^-feJMCAtt. 
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